Patients with hereditary nonpolyposis colorectal cancer syndrome (HNPCC) develop microsatellite-unstable colorectal cancers that tend to be more proximally located and are histologically more likely to show high numbers of tumorinfiltrating lymphocytes, a lack of dirty necrosis, mucinous or poor differentiation, and a Crohn-like host immune response, when compared with microsatellite-stable cancers. However, histologic features that are characteristic of and can perhaps distinguish colorectal adenomas in HNPCC patients from those occurring in the general population have not been previously reported. We compared 16 adenomas endoscopically removed from patients with genetically proven HNPCC to 32 control adenomas, group-matched for patient age and sex, along with endoscopic size, shape, anatomic location, and presence of highgrade dysplasia. Adenomas from HNPCC patients were more likely to contain high numbers of adenoma-infiltrating lymphocytes (AILs) with 12 of 16 (75%) adenomas having Z5 AILs per high-power field (HPF) as opposed to 4 of 32 (12%) adenomas in the control group (P = 0.00003). HNPCC adenomas were also less likely to contain increased numbers of apoptotic bodies: 7 of 16 (44%) contained Z5 apoptoses per HPF, compared with 27 of 36 (84%) control adenomas (P = 0.006). The presence of necrosis or serrated architecture, percent villous component, and numbers of mitotic figures per HPF did not differ significantly between the 2 groups. Therefore, increased numbers of AILs and decreased numbers of apoptoses in colorectal adenomas are simple and inexpensive markers that raise the possibility of HNPCC.
A lthough the histologic features of colorectal carcinomas (CRCs) in hereditary nonpolyposis colorectal cancer syndrome (HNPCC) have been extensively investigated and reported, little is known about precursor adenomas in this syndrome. Invasive carcinomas in HNPCC patients are classically microsatellite-unstable (MSI-H) and have increased numbers of tumor-infiltrating lymphocytes (TILs), a Crohn-like host immune response at the advancing edge of the tumor, a circumscribed growth pattern, mucinous or signet ring cell features, histologic heterogeneity, a lack of dirty necrosis, and are well or poorly differentiated. 1, 8, 28, 29, 35 Several lines of evidence support the conclusion that colorectal adenomas are the precursor lesion of invasive adenocarcinoma in patients with HNPCC, much like sporadic adenomas herald CRCs in the general population. 16, 17, 21, 33 Furthermore, HNPCC adenomas are thought to be more aggressive clinically, perhaps because they are often flat and difficult to detect endoscopically and because they are thought to progress to invasive carcinoma at much faster rates than sporadic adenomas. [12] [13] [14] [15] Various studies have reported that among adenomas occurring in HNPCC patients 67% to 86% are MSI-H and 60% to 86% show loss of expression of mismatch repair (MMR) proteins by immunohistochemistry, suggesting that the second hit in MMR genes occurs in the adenoma stage. 3, 7, 9, 11, 19, 21 Thus, some authors advocate testing selected adenomas (eg, those occurring in patients with strong family history of colon cancer or in patients younger than 40 y old) for MSI-H and/or MMR protein expression loss. 4, 6, 23, 30 In fact, the original Bethesda guidelines included colorectal adenomas in patients younger than 40 years old as one of the lesions that should be further subjected to MSI testing, but more recent data suggested that the yield of identifying MSI in these cases was low, causing this category to be dropped from the subsequent revised guidelines. 31 Clearly, if such recommendations are to be made, identifying histologic features characteristic of adenomas arising in the setting of HPNCC compared with sporadic adenomas in nonsyndromic patients would be desirable, so that pathologists and clinicians can narrow down the subset of adenomas that should be subjected to MSI-H or MMR protein expression testing. We undertook the following study to identify reliable histologic features that might differentiate adenomas arising in HNPCC patients from sporadic adenomas.
MATERIALS AND METHODS

Case Selection
Patients with genetically proven HNPCC who had undergone screening colonoscopy were retrospectively identified from the University of Michigan Cancer Genetics Registry. Sixteen endoscopically removed colorectal adenomas, 1 each from 16 patients, were collected from the department of pathology records. Thirty-two (twice as many) control adenomas that as a group matched the study cases for patient age and sex, along with endoscopic size, shape, and anatomic location of the polyp were identified from routine biopsies submitted to the department of pathology. Adenomas arising in patients with HNPCC have increased rates of high-grade dysplasia, as reported in the literature, so we preferentially included adenomas with high-grade dysplasia in the control group. 11, 23 Indications for colonoscopy in control cases included routine screening, anemia, bleeding, and follow-up of prior adenomas. None of the control patients had a personal or family history of colorectal cancer or other HNPCC-associated tumors. Information about clinical and endoscopic features of patients and adenomas was obtained from medical records and endoscopy reports. The study was approved by the institutional review board of the University of Michigan.
Histopathologic Analysis
Routinely processed, hematoxylin and eosin-stained sections obtained for diagnostic purposes in the HNPCC and control adenomas were blindly and independently reviewed by 3 gastrointestinal pathologists and evaluated for presence of high-grade dysplasia, percentage of villous component (0% to 100%), presence of necrosis, and presence of serrated architecture. Pathologists were also instructed to scan the adenoma under low power and identify the area with the highest number of intraepithelial lymphocytes, mitoses, or apoptoses, then evaluate under high power 5 neighboring fields and record the average of their measurements. A collection of nuclear fragments within a space previously occupied by an epithelial cell, inside the ghost of a cell, or in an area roughly equivalent to a cell was considered to be a single apoptotic body. Luminal apoptotic fragments were considered to represent necrosis rather than apoptotic bodies. The number of adenoma-infiltrating lymphocytes (AILs), mitotic figures, and apoptotic bodies was scored as low [<5/high-power field (HPF; 400 Â on an Olympus BX40 microscope, total area equal to 0.94 mm 2 )], intermediate (5 to 10/HPF), or high (>10/HPF). For the presence of high-grade dysplasia, necrosis, or serrated architecture, the majority opinion among the 3 gastrointestinal pathologists was used when they did not unanimously agree. The average of the 3 pathologists' scores for percentage of villous component was calculated and distributed among 3 groups: low (<25%), intermediate (25% to 50%), and high (>50%). For the number of intra-adenomatous lymphocytes, mitotic figures, and apoptoses (low, intermediate, or high), the consensus opinion was recorded for each case where there was no unanimity.
Statistical Analysis
Binary/categorical clinical variables (patient sex, endoscopic shape, and anatomic location of the polyps) and histologic features (presence of high-grade dysplasia, necrosis or serrated architecture, percentage of villous component, and amount of intra-adenomatous lymphocytes, mitoses, and apoptoses) in adenomas from HNPCC and nonsyndromic patients were compared using the Fisher exact test. The means of continuous variables (patient age and endoscopic size of adenomas) were compared between cases and controls using the 2-sample t test. Logistic regression analysis was conducted with case/control status as the binary response. Each predictor was first assessed individually in a single variable logistic regression model. The model was then extended to include both AILs and apoptoses in a multivariate logistic analysis using both unadjusted analysis and adjusting for other potential confounders. Tests of significance for the odds ratios were carried out on the basis of the fitted logistic regression models. A P value <0.05 was considered statistically significant.
RESULTS
Clinical features, including mean patient age, male/ female ratio, and mean size, shape (sessile/flat or pedunculated), or anatomic location (proximal vs. distal colon) of the polyps, were not significantly different between HNPCC and control adenomas, given the selection criteria (Table 1) . Histologic features such as presence of high-grade dysplasia, necrosis or serrated architecture, percent villous component, and amount of intra-adenomatous mitoses also did not differ significantly between the 2 groups ( Table 2 ). For the number of intra-adenomatous lymphocytes, mitoses, and apoptoses, unanimity among the 3 gastrointestinal pathologists was present in 26 (54%), 41 (85%), and 32 (67%) cases, respectively. Consensus was present in the remaining cases; there were no cases with 1 vote for each of the 3 levels (low, intermediate, and high).
AILs in HNPCC patients numbered <5/HPF in 4 (25%) adenomas, 5 to 10/HPF in 5 (31%), and >10/ HPF in the remaining 7 (44%). These numbers of AILs in the control adenomas were seen in 28 (88%), 2 (6%), and 2 (6%) of cases, respectively ( Table 2 ). Using a cut off of 5 AILs/HPF, that is, combining intermediate and high categories, results in 12 (75%) of HNPCC adenomas having Z5 AILs/HPF compared with only 4 (12%) of controls, an association found to be highly significant (P = 0.00003) ( Table 3) .
In contrast, apoptotic bodies were less numerous in adenomas from HNPCC patients, numbering <5/HPF in 9 (56%), 5 to 10/HPF in 5 (31%), and >10/HPF in 2 (13%) compared with 5 (16%), 13 (41%), and 14 (44%), respectively, in control adenomas ( Table 2 ). Using a cut off of 5 apoptotic bodies/HPF, HNPCC adenomas hadZ5 apoptoses/HPF in 7 (44%) polyps, as opposed to 27 (84%) control adenomas, which was again highly significant (P = 0.006) ( Table 3) .
There was no association between grade of dysplasia and numbers of AILs or intra-adenomatous apoptoses. Overall, of 13 HNPCC and control adenomas with high-grade dysplasia, 4 (31%) had Z5 AILs/HPF and 10 (77%) contained Z5 apoptoses/HPF, compared with 12 of 35 (34%) adenomas with low-grade dysplasia having Z5 AILs/HPF and 24 of 35 (69%) with-Z5 apoptoses/HPF. A representative adenoma from an HNPCC patient with >10 AILs/HPF and <5 apoptoses/HPF and a control adenoma with <5 AILs/HPF, but >10 apoptoses/HPF are shown in Figure 1 .
Patient-authorized, polymerase chain reaction-based DNA sequencing identified germline mutations in hMSH2 in 10 (63%), hMLH1 in 5 (31%), and hMSH6 in 1 (6%) of these 16 HNPCC patients. There were no statistically significant differences among the specific mutations in terms of any of the clinical or histologic features evaluated, including the number of intra-adenomatous lymphocytes, apoptoses, or mitoses.
Logistic regression analysis using a single variable model between histopathologic predictors and presence of an HNPCC-defining germline mutation documented strong statistical results for intra-adenomatous lymphocytes and apoptotic bodies, but not for any of the other clinical or histologic variables examined (Table 3) . For AILs, a cut off of Z5/HPF results in P = 0.00001 and odds ratio of 21.0 (95% confidence interval: 4.5-98.2), whereas for apoptoses, the same cut off gives P = 0.006 and odds ratio of 0.14 (95% confidence interval: 0.04-0.57).
Interestingly, because lymphocytes and apoptotic bodies are negatively associated with odds ratio of 0.23 (P = 0.03), a bivariate logistic regression model using these 2 variables modestly changes the statistical significance and point estimates of odds ratios for these 2 factors. However, the same pattern of association remains true (Table 3) : the finding of Z5 AILs/HPF is still strongly significant (P = 0.0005) with odds ratio of 17.7 (95% confidence interval: 3.5-89.9) in HNPCC 
DISCUSSION
We compared histologic features between colorectal adenomas from patients with HNPCC and group-matched controls. We found that HNPCC adenomas are significantly more likely to contain Z5 AILs/HPF and less likely to contain Z5 intra-adenomatous apoptoses/HPF. The only other study, of which we are aware, that directly compared HNPCC adenomas with sporadic adenomas occurring in unrelated individuals, found that HNPCC adenomas were more likely to be smaller (<5 mm), located in the proximal colon (up to and including the transverse colon), and, of those that were larger and more proximal, they were more likely to harbor high-grade dysplasia. 21 A separate study comparing adenomas from patients with a known MMR mutation to those occurring in noncarrier relatives found that HNPCC adenomas were more likely to be larger (Z7 mm), proximally located, and to have high-grade dysplasia, the latter regardless of size or location. 3 Neither study commented on AILs or apoptoses. We purposely chose our control group to control for size, proximal location, and high-grade dysplasia.
Two studies from collaborating groups have examined the presence of intraepithelial lymphocytes in sporadic colorectal adenomas from nonsyndromic patients. The first study evaluated 118 flat colorectal adenomas in a Japanese population and found intraepithelial lymphocyte infiltration in 62% of them, even though the authors did not define their cut off values for presence versus absence of this infiltration. 26 That study found a significant difference in the presence of infiltrating lymphocytes among adenomas with low-grade dysplasia (52%) compared with those with high-grade dysplasia (72%), but their overall rate of adenomas with high-grade dysplasia was remarkably high (51%). In the second study, of 159 adenomatous polyps in a Swedish population, the authors found more than 1 lymphocyte/200 consecutive epithelial cells in 70% of tubular, 84% of villous, and 81% of serrated adenomas. 27 In terms of dysplasia, 68% of adenomas with low-grade dysplasia contained intraepithelial lymphocytes compared with 83% of adenomas with high-grade dysplasia, but the overall rate of high-grade dysplasia in these adenomas was again very high (55%). We found no significant association between grade of dysplasia and the number of AILs/HPF in HNPCC or control adenomas, perhaps because of different thresholds for high-grade dysplasia, which in our study we diagnosed in 13 of 48 (27%) adenomas, or perhaps because of the different populations studied.
An interesting finding in our study is that the level of intraepithelial lymphocytes where significant differences between HNPCC and control adenomas occurred (ie, Z5 AILs/HPF) was more than twice the highest published number (>2 TILs/HPF) that distinguishes invasive CRCs with MSI-H from microsatellite-stable tumors, even though we did not specifically investigate a lower cut off for AILs. 8 This result, although at first perhaps contradictory, given the host immune response that mounts against tumor invasion, was also reported in studies of intraepithelial lymphocytes in sporadic adenomas described above, where none of the 50 adenocarcinomas evaluated had levels of lymphocytes similar to those seen in adenomas with high-grade dysplasia. 25, 27 Additionally, we have observed that in cases of resected MSI-H CRCs where an adenoma is present in the vicinity of the invasive component that it presumably gave rise to, the number of AILs is greater than the number of TILs present in the carcinoma (Greenson JK, unpublished observations). Taken together, these observations suggest that the antigenic stimuli that attract lymphocytes to HNPCC tumors may be present in the premalignant stage and that perhaps invasion is in part owing to reduced or failing antitumor immunity.
The second histologic characteristic that we identified in adenomas that develop in patients with HNPCC is a reduced rate of epithelial apoptosis. It is noteworthy that even in the bivariate logistic regression model, apoptoses contribute independently to case/control status and are an important variable even in the presence of lymphocytes. However, owing to limited sample size, their effect does not reach statistical significance. The number of intra-adenomatous apoptoses also failed to correlate with grade of dysplasia in our study. Reports in the literature offer conflicting evidence on the association between the number of apoptotic bodies and the grade of dysplasia in sporadic adenomas. 2, 20, 24 Our result may also be contradictory to data that suggest that neoplastic cell apoptosis is increased in MSI-H CRCs. 5, 18 Interestingly, however, other studies have shown that proapoptotic genes, such as bax, can be mutated with high frequency and that their protein product can be expressed at reduced levels in HNPCC adenomas. 22, 34 This suggests that apoptosis may be defective in this setting and may explain why we found decreased numbers of intraadenomatous apoptotic bodies in HNPCC adenomas. Defective apoptosis in HNPCC might also help explain why carcinomas in these patients seem not to respond well to certain chemotherapy agents, such as 5-fluorouracil. 32 Finally, defective or reduced rate of apoptosis in adenomas occurring in HNPCC patients may explain their observed rapid proliferation and faster progression to carcinoma. 13, 17 The percent distribution of different HNPCCdefining mutations among patients in our study was similar to prior reports in population groups of a comparable geographic area. 10 There was no association between particular germline mutations and the histologic features we evaluated, including AILs and intra-adenomatous apoptotic bodies.
This small study has shown that adenomas from HNPCC patients have increased AILs and decreased apoptotic bodies compared with sporadic controls. Although these simple histologic findings may be helpful in identifying which adenomas should be tested for MSI and/or loss of MMR protein expression loss, our findings will need to be validated in a large, prospective, population-based study.
